Ketamine has been known to the medical world for over 30 years, yet is not widely used to its full potential. It is often considered to be a 'third world' drug only. In light of a recent increase in interest in its use in the developed world, this review is for emergency physicians to use as a quick reference.
Introduction
Ketamine has been used clinically for over 35 years. Several large studies document that it has a wide margin of safety. [1] [2] [3] [4] [5] [6] [7] It is unique in its ability to safely provide simultaneous anxiolysis, analgesia and amnesia, while maintaining airway and breathing reflexes and being cardiovascular-stable. Despite widespread use in the developing world (where it is administered safely thousands of times daily, mostly by non-anaesthetists with poor monitoring equipment), there is a reluctance to use the drug in the ED in many parts of the world, not just in Australia and New Zealand.
Ketamine produces dissociative sedation, which in the words of Green and Krauss is a trance-like cataleptic state characterised by profound analgesia, sedation, amnesia and immobilisation, with retention of protective airway reflexes, spontaneous respirations and cardiopulmonary stability. 8 This unique state of cortical dissociation permits painful procedures to be performed effectively.
It is particularly well suited to paediatric procedures and provides better sedation with fewer respiratory complications than midazolam/fentanyl. 9 
Pharmacodynamics

Mechanism of action
• The primary site of action is in the CNS in the thalamocortical pathways and the limbic system, where it binds to a site on post-synaptic NMDA channels. Ketamine enters and blocks the open channel and inhibits glutamate activation of the channel non-competitively, thereby inhibiting the excitatory effect of glutamate on neurones in the CNS.
• It also reduces presynaptic release of glutamate.
• Ketamine antagonizes muscarinic and nicotinic acetylcholine receptors. It is thought that action at the nicotinic receptor is responsible for behavioural side-effects.
Systemic effects
1. Cardiovascular system:
• Direct myocardial depressant • This is overshadowed in vivo by stimulation of sympathetic CNS outflow, resulting in positive inotropy and chronotropy: (i) Increase in heart rate (± 20%), arterial blood pressure (± 25 mmHg rise in systolic pressure) and cardiac output, usually peaks 2-4 min after intravenous admin-istration and 10-20 min after intramuscular injection.
(ii) The predominant effect of ketamine on the cardiovascular system is thought to be due to decreased catecholamine reuptake. 2. Central nervous system:
• May cause increase in cerebral blood flow, oxygen consumption and intracranial pressure: (i) In a small series of patients with intracranial CSF obstruction, it was associated with an increase in intracranial pressure.
(ii) These increases were not seen in patients who had intracranial pathology without obstruction. 11 • Animal studies has shown ketamine to produce a marked neuroprotective effect, mediated by antagonism of NMDA channels on central neurones, thereby preventing calcium influx during states of neurocellular ischaemia -may have promise in the future treatment of stroke. 12 
Respiratory system:
• A slight decrease in the respiratory rate for 2-3 min • Brief apnoea is occasionally seen; this is generally associated with rapid intravenous administration or large doses. • Bronchodilation -mediated by effects on the central sympathetic system, causing an increase in circulating catecholamines as well as direct relaxant effect on airway sooth muscle. 13 • Bronchorrhoea may occur after ketamine administration • Upper airway reflexes are usually (but not always) maintained 4. Gastrointestinal tract:
• Increased salivation 5. Muscular system:
• Muscle tone is often increased • Spontaneous movements may occur during anaesthesia but reflex response to surgery is uncommon 6. Eyes:
• Intra-ocular pressure rises for a short time after administration • Eye movements may continue throughout surgery and nystagmus is common • Corneal reflexes are usually preserved 7. Psychotic effects:
• May activate psychoses in schizophrenic patients 8. Immunology:
• Ketamine causes a significant reduction in leucocyte activation during sepsis, while it also suppresses pro-inflammatory cytokine production in vitro. 9. Pregnancy:
• Ketamine crosses the placenta easily and concentrations in the foetus are approximately equal to those in the mother.
Usage
Anaesthesia:
• Has mainly been restricted to an induction agent in hypovolaemic or cardiovascular unstable patients • In the developing world as a single general anaesthetic agent 2. Sedation:
• To produce sedation and analgesia for painful procedures in the ED • Ketamine has been successfully used as field sedation and analgesia for vehicle extraction and emergency amputations. 14 3. Analgesia:
• Acute post-operative pain • Analgesia for change of dressings (especially burns) • Said to have an opioid sparing effect • Used occasionally in chronic or neuropathic pain -controversial, as its effect is often limited by dose restrictions due to side-effects.
Immunology:
• Ketamine administration inhibited hypotension, metabolic acidosis and cytokine responses in rats injected with endotoxin. The results suggest that judicious use of ketamine as an anaesthetic agent may offer advantages in endotoxaemia. 15 
Asthma:
• Often used as an induction agent in severe asthmatics who need intubation and ventilation. 16 • Limited literature evidence to support its use as treatment in patients with severe exacerbation of asthma. Several case studies suggest some benefit in mechanically ventilated patients with refractory severe asthma. The only clinical study of ketamine as conjunctive treatment in asthma failed to demonstrate any clear benefit in bronchodilation compared with standard therapy in treating exacerbations of asthma in the ED. 17 • Used as a 'club drug' to help maintain the energy levels for dancing or to enhance the altered state of consciousness. 18 Ingested orally or nasally as a powder; liquid ketamine may be smoked after application to cigarettes or taken intravenously or subcutaneously. Ketamine is abused primarily for its dissociative effects. It causes hallucinations, slowed time perception and delusions. • Controversial. Anticholinergic agents (gylcopyrrolate or atropine) are often administered with ketamine to prevent the hypersalivation that occurs in some patients. Dosage of atropine is 0.02 mg/kg with a minimal dose of 0.1 mg and a maximum of 0.5 mg; only needs to be given with the initial dose of ketamine. Benzodiazepines are still widely used with ketamine in order to reduce the incidence of the emergence phenomenon, but it increases respiratory depression and prolongs recovery, while it is debatable whether it actually decreases the incidence of the emergence phenomenon; dose of midazolam: 0.02 mg/kg.
Adverse reactions
1. Emergence phenomena:
• Disorientation, sensory and perceptual illusions and vivid dreams on recovery • Incidence is lower in children less than 15 years and elderly patients • Risk factors: 7 age over 10 years; female sex; rapid IV administration; excessive noise or stimulation during recovery; prior personality disorders; patients who normally dream frequently • No association with dosage 2. Cardiac stimulation, resulting in hypertension and tachycardia 3. Transient rash:
• Transient erythema (incidence of about 15%)
• Predominantly on face and neck 4. Nausea and vomiting 5. Hypersalivation 6. Laryngospasm: very rarely observed if no stimulation of vocal cords; incidence of less than 1% 7. May cause transient rise in intracranial pressure 8. Increased muscle tone 9. Apnoea may occur with high doses or rapid administration 10. Nystagmus
Reversal
Finck suggested in 1982 that ketamine may be partially reversed by naloxone, 20 but a more recent study by Mikkelsen showed that in sedative doses, neither the effects of ketamine, nor the ketamine-induced side-effects were influenced by naloxone. 21 
Contra-indications
Recovery
Dissociation causes a sense of semiconscious bodily detachment as patients who underwent sedation wake up. Imagination can be confused with actual environmental stimuli during this period.
Recovery reactions are usually less in children and the elderly.
The degree of recovery agitation after ketamine sedation is significantly related to the degree of preprocedure agitation. Concurrent administration of midazolam has no measurable beneficial effect in diminishing recovery agitation, but may prolong recovery. 22, 23 It is important to minimise physical contact, noise and stimulation during this period and not to try to wake patients prematurely.
Anticipated recovery is about 30 min to 2 h after administration.
Patients who undergo ketamine sedation may be discharged when:
• At least 30 minutes have passed since administration of last dose • The patient's level of consciousness has returned to baseline • Vital signs are within normal range • The patient can verbalise appropriately for age • The patient can stand unassisted without falling • The patient is accompanied by a responsible adult at discharge. 7, 24 Children should be carefully observed by a parent or guardian for 4 h after discharge, should not be allowed to walk independently for 2 h (ataxia may develop) and should ideally stay nil per mouth for an hour after discharge.
Adult patients should be told that driving, operating machinery or engaging in other hazardous activities is forbidden for 24 h or more after its use (depending on dose and other drugs employed). Accepted 18 December 2002 
